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Die fo.genden Angaben .ind den vo. Anme.de, eingereichten Unter.agen entnommen 

(3) Verfahren zur Herstellung von Acrylsaure 
<S) Verfahren zur Herstellung von Acrylsaure durchhete- 
^ rogen katalysierte Gasphasen-Partialox.datior , mmde- 

stens eines Ca-Vorlaufers mit molekularem Sauerstoff, 

wobei man das anstehende Acrylsaure enthaltende Pro- 

duSasgemisch abkuhltund in der F°.ge entweder erne 

fraktionierenden Kondensation oder einem Rektifikati 

ons^rozeB unterwirft. wobei man im Kolonnenkopf oder 

fm Be?eich des Kolonnenkopfes der Rektifikations- bez.e- 

h^ngsweise Kondensationskolonne(n) Phenoth.az.n und 

mindestens eine phenolische Verbindung e.nbr.ngt. 
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■ saure enthaltende Produktgasgenusch abkiSf »nH ^ T ™ lekalarea \ &«w*off wobei man das entstehende, Acrvl- 
nem RektifikationsprozeB SSSft gC entWCder ^ ********* Kondensation oder d- 

KSL ^SSl^^SS^S^^ ^oppelbindung ein wertvolles Monomer, das 

tur erhaltlich. Unter dem Begriff "CV Vorlaufer" von A™f^ *T befindhchen Katalysatoren bei erhohter Tempera- 

mengefaB,., die forma. durch sol^e chemischen Verbindungen zu£m- 

Propan, Proper, und Acrolein. Aber aueh Si™ . T ^"f™; "f Ka ""tf CVVorlaufer von Aery 1 saure sind z. R. 
fem zu zahlen. Von ihnen ausgehend handeh« sich Z if? 1 * t V t ^ er ^^saure sind zu den Q-Vorlau- 
^r^r 10 ! Weni8Ste " S ^^^^S3£5?^ ^asphasen-Partialoxidanon mit 
Sten^ - S^SSSSSS^'TSfSSSSS ^-^^tionen wird mindestens einer der 
lenstoffdioxid und/oder WassertampTve SJSSSSSS? T ? Kohle ^ffmonoxid, Koh- 

wie gegebenenfaUs erhohtem Druck ElSSSSe TSS^^T^ ^ erh6 ^» ^Peraturen so- 
A^aure enthaltendes Produktgasgenaisch u^SST ^^^^^ren geleitet und oxidativ in ein 

A^?08 A 08^ * in der DE-OS2241714 und DE- 

Mono- oder Dicarbonsauren, die dn« Staito^^iJSo? Sf JE° -omatischer 
von 160°C aufweisen. P ter 30 C und emen ^edepunkt bei Normaldruck oberhalb 

thylphthalatbezogen auf ein Gemisch, liSESKS toSS^S ^™^" aus 0' 1 b * 25Gew.-% ortho-Dimc- 
[0007] Die Verfahren bestehen im wesCTtShen darir !2 ^ i ^Phenylether und 25 bis 30 Gew.-% Diphenyl. 
kondensierbaren Nebenprodukte m SmStelte^u^? 6 ^J^^VW^mA enthaltene Aerylsaure und <L 
furbevorzugteineGegenstromab^ondSe^^ 
siedende Aldehyde, wie Acetaldehyd, PropfoSnvd od« XS f^^^^'^nden Komponenten, z. B. niedrig- 
gestrippt werden, wofur bevorzugt eine Sn^^^ Esagsaure oder Propionsaure, teilweiL 

vom Losemittel abgetrennt wird ^genstromdesorption eingesetzt wird, und schlieBlich die Aerylsaure destillativ 

rmoS S/h? °Wgen Anmeldungen wird als Stabilisator Phenothiazin empfohlen 
10009] Nachteihg bei den beschriebenen Verfahren isL d a R « h« h„ aT , 

[0013) to der EP-A 1 041 062 wwTessThr. to SI VT^ ?" ft " e ° di e <™s°H werdea niton, 
veddsrte™, da. das », reitogende, 2^£2*Sta£SS££SX 5^ d "" 1Mv » <■*■»«* z„ 

04-Ald.hyd.niiKlAoetoneMhai, wuge uenu sch mctat mehr als 2000 ppm, bezogen auf Aerylsaure, an CV 

SL^^r:^^^" •"•"^ * v^tor^ertotobisnren beings- 

»« oder IlydrJbiiodmodo^Sre^od;; ^Sht.Sfc^^^''^??;' 2 '* <*• B ' ">*>•» 

vs«m mi< ndndeslen, dneni UbedMbsianWi^S,! ™ ^rJMnwirttaltaidGt 
-n- Pbenodd^to toad s«H«b S e W rded,„ S^S52fS3T^^^-»— 

KnaXSSsS ei " f * CheS ™ d » H-gtoOto, der Aeryls.™ _ 
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s rssss^— « im Faue der stabiusien,ng von reuier Acrylsaure 

. bestatigen. , , , rp Froebnisse bei der kontinuierlich betriebenen Aufreinigung der 

[0019] Uberraschenderweise wurden jedoch ande » f fi 2) Das bei den stationaren Stabilita.stests 

[0023] Dazu wird bei der Herstellung der Acrylsaure in der ^gei s f 0 6 hlen wasserstoffen und/oder Wasser- 

Ubedingungen inerten Gasen wie z B. Sgteofl CO,, f^Xeinem sauerstoffhaltigen Gas bei erh6hten Tem- 
dampf verdunnt und im Genusch ^^^^^^Si^WShtem Druck uber feste, ubergangsmetallischc (z. B. 
- peraLen (ubhcherweise 200 bis ^^SSS^SSSa,^^ W*** oxidativ in die Acryl- 
Mo und V beziehungswejse Mo, W, Bi und >e enumten , einstufig durchgefuhrt werden. 

^^^^^^^^^^^^^^^ 

vorrichtungen. d d Technik fur diesen Zweck bekannten Vorrichtungen (z. B. 

oe^ugs^eiseVenturi-Wa^hercderSpruh^ 

^29] lis hochsiedende Flussigkei t tan. abe, ™^£^^S2nS werden oder ein an sich bekanntes 
kektifikationsprozesses gegebenenfalls nadj J^X'^XSge^isch. Bei Letzterem kann es sich beisp ek- 
Absorpuonsmittel zur Abtrennung von aus Di p hen ylether undBiphenyl (siehe 

weise urn Tri-(n-Butyl)-Phosphat handeln (US 4 219 389) odei _« m ein . 9Q um ein s6lches Genusch, 

I B. DE-PS 21 36 396), beispielsweise mi ^^^^^^^Ty^ z . B. ortho-Phthalsauredimethylester, 
dem zusatzlich 0,1 bis 25 Gew-% nundestens ^^""5 oder um Wasser. 

iZTtT^Z^S^^^^ — — * - — RektifikationsprozeB zuge- 

^hen von hoher- und .^^^^S^SS'Ssscn im wesentlichen die oben angefflhrte hochsie- 
[0033] Die hohersiedenden Komponenten j. Sc ^™3 - nen Siede p U nkt oberhalb der Mittelsieder, also bei- 

dende Flussigkeit, sowie die Komponenten die be: N^**^ Sitae. Dies konnen beispielsweise poly- 

spielsweise oberhalb von 151°C und ^f 0 ^^*^ V °° ^. und Tetraacrylsaure usw., hohereMono- und 

gen Komponenten, die bei ^^^^^^^^^^Asea. Daneben liegen selbstverstandlich auch un- 
faturintervaU von etwa 30 bis 120°C, '^"^^i^p^Salls vor und sllche, die mil dem enthaltenen 
voUstandig abgetrennte^^^^ 

Wasser ausgewaschen _wurden • D^^^L,, sie besteht in de r Kegel aus 
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1-5 Gew.-% Acrylsaure 

0,05-1 Gew,% Aldehyde CA«^ Produktgasgemisches, also solche mit einem Siedepunkt bei Nor- 

[0035] Die nicht kondensierbaren Bestandtede des gas f6rmigen Bestandteile ausgestrippt werden, bei- 

maldruck unter ca. 30°C und *£P£*™%^ Kohlendioxid etc., konnen bei- 



65 



55 



60 



DE 100 64 641 A 1 

5 ErfolgtdiefeAbtrermungUbLeinVnSeLaL^^^ 

die Abtrennung iiber einen Quench daT z B mft betragt sie normalerw^se 15 bis 70°C, haufig 20 bis 50°C. Erfolgt 
50-90°C, vorzugsweise60-80 o C aauerwasser betneben werden kann, so betragt sie in der Regel 

30 100-230°C und am KolonnenkopfTo-80°C zu « ehon g en Temperaturen ,m Sumpf der Kolonne in der R ege l 

2ES^£E2^^ ^ ^ktinlcadonskolonne nnt einem sauer- 

KdS^ 

35 + /-10°C urn den des Wer£XS ^c^a^d^^tnsToraJS * ^ 5 insbesondere ™ B«deb von 
zum Zwecke der Weiterreinigung eineT KristaUisation lllmZ ^ £r a ^T elsen ' ^dentweder direkt verestert oder 
Reinigungsproze6darsteUen,tobei indiele^^^eSl^M ^ ***** T* ^^^on gemeinsam den 
J^zugefu^^ 

U,5 bis 5 Gew.-% Wasser 

^PioiJaS^Sr 01 ^ C ^verbindungen, wie , B. Furfural, Fonnaldehyd, Acroiein, Acetaldehyd, 
0,01 bis 1 Gew.-% Maleinsaure und/oder deren Anhydrid 1 bis 500 Gew ™ Sh.Hn ♦ 
fSE! ? b ^ enaufdas ^wichtderRohacrylsaure bls 500 ^w. ppm Stabda sator, 

Die KristaUisation kann kontufuieS S™dStiS^h^ST^ WI ? ,U ^ Unterliegt keiner BeschrtokuSg. 
beitsgraden durchgefuhrt werden. B^S^S^SSS^^ biS 20 naheZU Ra- 

tion Wasser zugesetzt werden (bezogen aufSeSJ^S!!^,,^ reim ? end t n Rohacrylsaure vor einer Kristallisa- 
weise bis zu 5 Gew,%). Bin solche/zusatz ZSSS Z SLun^ntnT P 1° 10 <** ^ V °^ s ' 

haltener niederer Carbonsaure, wie z. B. Essigsaure da diese toST w ? ac *ykaure als Nebenprodukt ent- 
saurekristaUe eingebaut wird AuBeidem miEnR- «f WaSSCr 10 8 enn Serem AusmaB in die Acrvl- 
[0049] Die so ertalteneRek ^A^^ZShh 2 ^ ^"f Verk ™^ngsneigung im Kristaller. ' 

Kl^to?onn^ K ° 10,me erf ° lgt *"* ^ e ™ ^lisatoriasung in eine m geeigneten Losemitte! 

b^wid ^ ^^^^ Racklauf oder direkt in die Kolonne. Da- 

in, Bercich des Ko.onnenkopfes S^S^S^S^S^S^^ ^f^^ * * Kolonne 

E^^^ von Acr^ure oder 
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f i a ^o^maRmitPhenothiazinundmindestenseinerphenolischenKonipoDente. 

[0054] Die Stabilising erfolgt erfindungsgemaB .mt . Phe n ottwzm u b ei spiels weise 2-tert.-Butyl-4-me- 

0055] Bei der phenolischen Komponeme ^^^Z^S^U i-MetSylhydrochinon oder 2,2--Me- 
, tbylphenol, e-tert-Butyl^AmeihyL-pheno^ ^„Soxv D benol beispiekweise Hydrochinon, Brenzcatechin oder Ben- 

[0056] Phenothiazin und die phenobsche Komponeme iconncu g 

dosiert werden, bevoraugt als I^sungen Phe nothiazin-Konzentradon in der isolierten Acrylsaure to 

[0057] Die Stabilisatormenge ^ »««Jjg£ ^ m *e Konzentration an der phenolischen Komponente 
50-1000 Gew. ppm, vorzugsweise 100-600 Gew. ppm, una ui 

10-1000 Gew. ppm, vorzugsweise 50-500 ^ PP™' *^ 8 entna , tene als auch systemfremde Komponenten, bevor7.ugt 
SStem^^ IS 

- s^?^ ==ML ^ u ^ sen - " ™ ist 

SrSMetallsalz kann in einem geeigneten der oben genannten Wsungsmittel gelost und zusammen mit oder ge- 

STd£z«^ 

unterhalb des Abzuges der Acrylsaure und/oder amKopfder Kolonne ^ ^ ^ ^ ^ 

[0063] Das MetaUsalz wird n„ ^ond^'be^rzugt 1 bis 10 Gcw-%. 

nothiazinmcngc zugcgcbcn, bevorzugt 1 b 1S 2C ben °"n^ nten Losungsmittel zugegeben, bevorzugt in Wasser, 
S^t=S^S=-. ^ A L*»n 8 in ^ 0.0, b* 

Verbindungen, die eine wenigstens «ne > JJ^^S^^bindung^ nachweisbar sind. 
strom, bevorzugt im Gegenstrom erfolgen. bekannten Apparate, wie z. B. in Ullmann's En- 

peratur von 120 bis 180°C durchgefUhrt. lWandteile fiber Kopf abgetrennt werden, gelangen diese 

[0069] DabeidemAbsorptiotsprozeBmchtkondens^ 

nicht mehrin den ^^^^SZ^t^S^S^ ^ Austrag des Absorptions- 
[0070] In einer weiteren bevorzugten Ausft ^ n S s ™™^? a dem Leichtsiederf wie niedrigsiedende Aldehyde, wie 
prozesses zusatzbch einem De^rpdonsprozeB u^ 

hrs ^is^^^s^^^ - niederen Aidehyden und Aceion h6chstens 

l^^^TZ^^^^^ <** ^-tron, bevorzugt im Gegenstrom zur Desorp- 
tion der Leichtsieder mit einem Gas behandelt_ reaktionstraees Gas verwendet werden. 

[0072] Als Gas kann dazu ein ^.^^^^S^^S^Sb^M «W durchgefUhrt werden. 
[0073] Die Desorpuon kann sowohl in Gegenwart ak auc Q yerwendbar, in dem der Sauerstoff ge- 
Fuhrt man sie in Anwesenheit von Sauers off aus 'J°^f ^"S^oTs^kstoff (N 2 ) oder Edelgase, wie z. B. He- 
gebenenfalls mit einem reaktionstragen Gas wte l^U-£Mm* WrdUnnung verwendet. 

Uum Oder Argon, oder Gemischen davon verdunnt wrrd B ^°™^f ™fio0 Vol% betragen, bevorzugt zwischen 2 
[00 74] ^au^toffanttilams^^ lOundSOW. 

z. B. in IM Bn^ckv*. jO Wtafn- C £™£p (6 £fflSS* ». geoU><«» ode, ™|»^» « 
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mSi SP T SSeS ' \ B - die t> SchwerSieder ' einerRflckspaltung unterworfen. 

WO<X>/53560besehrieWn,wobS US 3 086 046 sowie in der 

5 Werde " V ° rteilhaf ' ^ ^ ^^-S ztSto 6 m ACryk3Ure 8CSpalten WerdCn - Di * 

^^S^^^^^^SS^ h Po1 ^- -ter Ausbildung von Kohlen- 
io beispielsweise nach der I^hrS W^OoSS ^ und der dtrin ^, „ t ™ cks P aItbar - Die bei solchen Spaltung, 
den erfindungsgemaBen Prozefi fZ beUeMgen S'teUen a t T k I™"" 1 1 9 C, W*»" Produkte konnen in 

d ^n V n — CD ^^S^ffiS^ W ^dfikationsprozeB, beson- 

z. B. Luft, unterstutzt werden iu*mpi, aoer aucn ein sauerstoffhaltiges Gas, wie 
Egu^^^^^ 

IS A^o^l ^SZ^S^^t hochsiedende Stoff ^ -besondere ein eines der ge- 
bevorzugt wirddieser Ablau ! ^leSsd]f a b ion Destillation "nterworfen. BesondL 
s,Hnng VOn(McthWk _^ 

«"» - ffsem ^rnug ein Leich te iederstro m 
spielsweise Diacrylsaure oder Stabilisator, enthalten 

\^ ann ^ onsmitte noc weitere Komponenten, wie bei- 

^^J^S^^^S^^^^ ™d ^ebenenfaUs noch weiterer AbkUn- 
Rektinkationspro2e6,bevorzugtdem QS ^ 

[0088] Als DestUlationsapparat geeiznet stad SwST 8, binders bevorzugt dem AbsorptionsprozeB. 
verdampfer, Dunnfilmverda^pferSfitaver^Z^^ f^*"' D-^onsapparate, z. B. Umlauf- 

Rekdfikationskolonnen sowie StripXlonnln ? Wischblattverdam P fe ^ gegebenenfalls jeweik mit aufgesetzten 

ISgt SSf* ^ ^ StriPPStr ° m 31,861681 W6rdeD ' Z - B - »* Stoff <^ -em S auers toff ha.dgen. Gas, be- 
,00*] Basernndungs^^ 

Beispiel 1 
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TabeUe 1 



Stabilisator 



MEHQ 



PTZ 



HT 



MEHQ/HT 



PTZ/HT 



Menge 
( Gew.ppm) 
60 



60 



60 



30/30 
30/30 



PTZ /MEHQ 



PTZ /MEHQ/HT 



30/30 



indulctionsperiode 
tmin] 



43 



204 



195 



200 



165 



20/20/20 



125 
255 



MEHQ: 

PTZ: 

HT: 



Hydrochinonmonomethylether 
Phenothiazin 

4-Hydroxy-2 ,2,6, 6-tetramethyl-piperidxn-N-oxyl 
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Beispiel 2 

[0093] Durch katalytische Gasphasenoxidation 

ein Acrylsaure enthaltendes Reakuonsgemisch erzeugt. 2 2 Nm lb .dieses x der 6 Rekdrikalionsko ionne (siehe unlen) 
to (Quench) durch Einsprilzen einesKahbmae^ 
cntnommcn wurdc, aus 583 Gcw,% p^phcny^ 

170°Cgekuhlt.Dieseauil70 o Cabgekuhlten^ leichfalls aus 58,8Gew.-% Diphenylether, 

iolonn! mit 27 Boden geleitet und de ^.^ToSat zus^ 
21 2 Gew.-% Diphenyl und 20 Gew.-% o-DimethylphthaL at zu sammen g ons kolonne wurde in einem Warme- 

JuV von 45°C aufgegebenen, Absorptionsnnttels ^^X^rZi^l^, *• Glockenbodenkolonne 
tauscher indirektauf 105°C erwarmt und au ^ ^"^^^^rgleich zu Acrylsaure leichtsiedende Komponen- 
mit 20 Boden ausgef uhrt war. In der ^°^° nsk0 ^Z^^4&, Gegenstrom) weitgehend aus dem Gemisch 

entbielt 15,4 Gew.-% Acrylsaure 3 ^ zwischen dem fiinften und sechsten Bo- 

L»ie einem Kopfdruck von 80 ruber >«»*«^SS toS SSLi, in einer »°" <*"'* "P""" 

„u, g««Ui) »n»ten Uber Suiurnutauspni b»nde «» " IZSST »M> nd/h d« ruufcuuehleuut.n AeryMine 
nuiekb entnommen, «obei unnutudbur nnieAJb konden.ied «M> mM, nd. 100 mM. « ner 1^ 

belegt. 

Beispiel 3 (Vergleich) 

m Es wurde win in Be.piei.2 ve^^^S t ^we^^^^to^S : 

Beispiel 4 (Vergleich) 

, MW Bnwn^einB^ — ^-^^S^^^^^^f d 
1 g/1 Hydroehieonmonon.elbylea.er und 1 ; g"^"£LS^ r weg „Mytnerisen>ildung im Xterjrkerard und 
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Beispiel 5 (Vergleich) 



[0102] 



Es ^wieinBs P .2ve rf ab^.^ 
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Beispiel 6 

[0104] 



Beispiel 7 

15 J2S. BS WUfde ^ fa BSP - 2 VerfahreD ' Wurden Z^uf dcr Reknfikationskolonne 2000 pp m Aceton zu- 

Wm Nach c, TOO Smndan B etri e bsdauer zeigten weder Kolonne noch Verdampfer Anzeichen von Pdyn.erisa^- 
*> SS aSS^JS^h^ ^^.Ber Stabiliaierung de r Genalt an Aceton und Aldebyden keinen 

Patentanspriiche 

FMsagkei, rekdfai™^ Abkuhlung „ Abso^onspK^B und d« so e*a« oc Ac^te embSte 
sigkeit rektifiziert wird nierworren wird und die so erhaltene Acrylsaure enthaltende Rus- 

13£2ZS£E£ 5l *i - «« A — * CI « s 25 <w» ^ OT . 

an der pbenolischen Komponente 10-1000 Gew ppm beSgt PPm UDd Konze ntration 

wendet wird. Anspruche 2 tas 11, dadurch gekennzeichnet, daB als Metallsalz Manganacetat ver- 

^^nXt^:T hmdCa ADSPrfiChe ' d-nreh ^--hnet, daB es in Abwesenheit einer N- 
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Preparation of acrylic acid 

-4 or, relates to a process for the preparation of 
Th e ^-«Vr^t«4™iY catalyzed gas-phase partial 
S. acrylxc ac.d by ^erogeneo J ^ molecular oxygen , the 

° X Itina fcrylic acid-containing product gas mixture being 
cooled subseUtly being sub.ected either to a fractal 
condensation or to a rectification process. 
10 . j x_-u^ , rD rv -reactive double bond, 

dispersions, which are employed, for example, as 
15 coating dispersions. 

Acrylic acia is obtainable, inter alia by h ™™f a=rylic 
Ire f or example! propane, propene ana aorolein. 

Uo- S such as -opionaiaebyae ^^J^, 
" TtaUea ^:r; r artiar 0^^ with molecular oxygen 
involved at least partial oxiaative aeh Y arogena tl on. 

In the novel — J™ '» ^g^Z^T^l acia. ae 
30 exioations. at least one o£ sara c 3 P monoxiae. 

carbon SSS I^rrs Jxea SS : T ™ ana 

,5 catalysts and cxiaatively convertea into an acrylrc 
aeia-containing proauot gas mixture. 

Sorption of acrylic acid in high-boiling -"^^f ~' 
for example, in German laid-open application DE OS 2 ' 2 f ' 1 
40 DE-A1 43 08 087. German laid-open applrcatxon DE-OS 2,241,714 
40 DE Ai « « ^^r-o of aliphatic or aromatic mono- or 

S^boxylS^riL^ ^vfa siting point of less than 

Polling point of more than 160-C at atmospherrc pressure. 

as DE-A1 43 08 087 recommenas the use of a high-boiling mixture of 
15 DE 111 dimethyl orthophthal.te . basea on a 

mixture consisting of from 70 to 75% by weight of aiphenyl ether 



0050/52040 



2 

and from 25 to 30% by weight of biphenyl, for separating acrylic 
acid from reaction gases of the catalytic oxidation by 
countercurrent absorption. 

5 The processes essentially comprise substantially absorbing the. 
acrylic acid contained in the reaction gas mixture and the 
condensable byproducts in the solvent or solvent mixture, for 
which purpose a countercurrent absorption is preferably used, 
then partially stripping the low-boiling components, for example 
10 low-boiling aldehydes, such as acetaldehyde, propionaldehyde or 
acrolein, acetone, acetic acid or propionic acid, for which a 
countercurrent desorption is preferably used, and finally 
separating the acrylic acid from the solvent by distillation. 

15 In the above applications, phenothiazine is recommended as a 
stabilizer . 



20 



The disadvantage of the processes described is that polymer 
formation occurs during the separation of the acrylic acid and 
greatly limits the operating time of the separation apparatuses, 
that is the columns and evaporators, owing to the formation of 
deposits . 

It is generally known that acrylic acid polymerizes very readily, 
25 particularly under the action of heat. This spontaneous 

polymerization is highly exothermic and extremely dangerous (cf . 
for example Ullmann's Encyclopedia of Industrial Chemistry, 6th 
Ed, 1999 Electronic Release, Section: Acrylic Acid and 
Derivatives) . For example, local overheating should be avoided 
30 even during melting of acrylic acid (melting point 13.5°C). 

Especially in the preparation and the distillative purification, 
acrylic acid is exposed to temperatures which can readily trigger 
an undesired polymerization. This polymer formation then leads to 
35 coating of the heat exchanger surfaces and column trays, i.e. 

fouling, and to blockage of pipes, pumps, valves, etc. (EP-A 522 
709, page 2, lines 9-18; US 5 171 888, column 1, lines 19-38). 

This results in expensive shutdowns and complicated cleaning 
40 operations, for example boiling with basic solutions which 

subsequently have to be disposed of by an expensive procedure, as 
described in DE-A 195 36 179. 

In EP-A 1 041 062, an attempt is made to prevent the formation of 
45 polymer during the distillative purification by ensuring that the 
acrylic acid-containing mixture to be purified contains not more 
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than 2000 ppm. based on acrylic acid. c£ C.-C.-aidehydes and 
acetone. 

Th e use of various inhibitors or inhibitor systems is generally 
5 proposed for reducing the polymerization . 

Inter alia, N-oxyl compounds (e.g. 
4-hydroxy-2 ,2,6, 6-tetramethylpiperidin-N-oxyl . 
4-0x0-2 .2,6, 6-tetramethylpiperidin-N-oxyl , 
10 4-acetoxy-2 ,2,6, 6-tetramethylpipendm-N-oxyl , 

t '* 2 2 t a,ethylpyrrolidin-N-oxyl) , aromatic amines 

• 'e 0 g -Stives of diphenylamine o^-. . ^ 

^r/rieast one t — ^^^^ ^ 
compounds, phenols and phenothi a ^ e ° p 62Q 206/ EP _ A 

sterically hindered amines (cf. for example w a 
stericaix^ i-h^rein) are particularly 

765 856 and literature cited therein; .ax y 



20 

recommended 



k . ^ nf the present invention to provide a simple and 
ll^TX^ - E preparation of acrylic acid having 
25 reduced polymerization problems . 

* rhat this object is achieved by a process for the. 

We have found that this oto heterogeneously catalyzed 
preparation of acrylic acid by heterg ecursor wit h 

g as-phase partial oxidation "id-containing product 

30 molecular oxygen^ ^^^S^Y ^ subjected either 
gas mixture being cooled ana s * icat ion process, when 

to a --^-^-frersHne phenoXrc compound are introduced 
Z\t region of the top of the rectification or 
35 condensation column (s) . 

^ i~ 1 Table 1) confirmed the particular 

SSi^'of^ SLL^ fixtures of N -oxyl 
communis, phenothiazine and/or phenols in the case of the 
40 stabilization of pure acrylic acid. 

-results were obtained in the 

Qnmrisinglv, however, other results we 

Tenuously operated purification of aery rc acrd fro. a 
hiuh-boiling solvent mixture (see Example 2) . The stabrri 
45 mixture comprising hydroguinone monomethyl ether and 

rhenothiaziL, which is only moderately effectrv ^ . 
steady-state stability test (Example 1) , gave 
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4 

This is all the more surprising since it is generally known that 
hydroquinone monomethyl ether would be effective as a 
polymerization inhibitor only at room temperature and only in the 
presence of oxygen (Journal of Polymer Science: Polymer Chemistry 
Edition, 23 (1985), 1505-1515). 

In comparison, 4-hydroxy-2 , 2 , 6 , 6-tetramethylpiperidin-N-oxyl is 
not effective in the steady-state stability test in continuous 
operation (cf. Example 4). 

This effect is further amplified by an optional addition of at 
least one metal salt. 

The novel process is carried out in general as follows: 

The product gas mixture is obtainable in a manner known per se by 
a heterogeneously catalyzed gas-phase partial oxidation of at 
least one C 3 -precursor of acrylic acid with molecular oxygen at 
elevated temperatures . 



20 



For this purpose, in the preparation of acrylic acid, the 
starting gas is as a rule diluted with gases which are inert 
under the chosen reaction conditions, e.g. nitrogen (N 2 ) , C0 2 , 
saturated Ci-Cg-hydrocarbons and/or steam, is mixed with molecular 

25 oxygen (0 2 ) or an oxygen-containing gas and passes at elevated 
temperatures, (usually from 200 to 450°C) and, if required, 
super atmospheric pressure over solid transition metal (e.g. Mo- 
and V- or Mo-, W-, Bi- and Fe-containing) mixed oxide catalysts 
and converted oxidatively into acrylic acid. These reactions can 

30 be carried out in one or more stages. 

Preferably, the product gas mixture used according to the 
invention is obtained from the partial oxidation of propane or 
propene and/or acrolein. 

35 

The hot product gas mixture is as a rule at a temperature from 
2 00 to 400°C and can be cooled in a manner known per se to a 
temperature of from 100 to 180°C. The cooling can be carried out 
partly or completely indirectly, for example using tube-bundle or 
40 plate-type heat exchangers with a suitable cooling medium, but is 
mainly effected as a rule by direct cooling using a high-boiling 
liquid in a quench, which, if required, may be preceded by a 
prequench. 

45 The temperature of the quench liquid is usually from 70 to 2 00°C, 
frequently from 100 to 150°C. 
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wlter. in the case of other cooling apparatuses. 

5 i~,«,rr, fnr this purpose in the prior art (for 

All *^~ tUSeS co ^ TenSri scrubbers, bubble columns and 
example spray coolers Venturi be used as the 

other apparatuses having sprayed ™J^ a) ™ coolers 
quench apparatus, with Venturi scrubbers or spray 

10 preferably being used. 

v»_ i P =qt in some cases, a 

The high-boiling liquid used may be, at least in 
The hign recti£ ication process which contains 

■ discharge of the reccinc „_.„_, after distillation (see 

high-boiling substances, xt '""""^ " ting acrylic acid 
M below, . or a conventional ^^iTJZl t. lor eLmple. 
from the product gas mature The a ter m ^ ^ 

tri.n-butyl. Phosphate (US « 21* J ^rman patent 2.136.396,, for 
ether and biphenyl (cf . £ °* «"™»\ . 90:10 , or a .ixture to 

example in a weight ratio of from « 9 ; rthopnthali = 

20 whfl from 0 dL to -^-^^"a^hyl orthophthalate or 
Sr t yl o 9 rthtphtLLte, have also been added, or water. 

atmospheric pressure. 
30 rectification column. 

„^=c the acrylic acid contained in the 
T^:r^"Zlll^. as a medium boiler, from 
higher- and lower-boiling components. 

35 /hiah boilers) substantially 

The higher-boiling components (high Doner , 

lompriL the -ovementioned £ Mdium 

components whrch have * ? P particu i ar above 141"C, under 

boilers, for example •£^ y C ' £ P or example , polymeric 
40 atmospheric pressure. These may • as di . cri _ 

ac rylic acid Hichael ^"J^no- and dicarboxylic acids 
a nd tetraacrylrc add, ^ o£ coursa a l 5 o 

a nd their anhydrides and ^""'^ incoI ^ lete ly separated 
lower-boiling components which nave 



45 off 
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The lower-boiling components (low boiler fraction, dilute acid 
solution) substantially comprise those components which have a 
boiling point below that of the medium boiler fraction, for 
example at from about 30 to 120°C, in particular from 30 to 131°C, 
5 under atmospheric pressure. Of course, components incompletely 
separated off and outside this temperature range and those which 
were washed out with the water contained are also present. This 
low boiler fraction can be partly recycled to the top of the 
column and partly discharged, or completely discharged. As a 
10 rule, it comprises 

80 - 95% by of water 

weight 

5 - 15% by of acetic acid 

15 weight 

1 - 5% by of acrylic acid 

weight 

0.05 - 1% by of aldehydes (acrolein, 



we i gh t f orma 1 dehyde ) 
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i.e. 



The uncondensable components of the product gas mixture, 
those having a boiling point below about 3 0°C under atmospheric 
pressure, and, for example, those which are stripped out by the 
gaseous components, for example nitrogen, oxygen, propane, 
25 propene or carbon monoxide, carbon dioxide, etc., can be 

discharged, for example at the top of the column or via a quench 
system, or, if necessary after purification, recycled at least 
partly as recycle gas into the gas-phase oxidation, unless they 
were substantially removed in the absorption step (see above) . 

30 

If the acrylic acid is fed in gaseous form to the rectification 
column, the temperature in the bottom of the column is typically 
from 90 to 130°C, while the top temperature depends on the method 
of discharge of the low boilers. If this separation is effected 
35 by a side take-off, said temperature is normally from 15 to 70°C, 
frequently from 20 to 50°C. If the separation is effected by a 
quench, which can be operated, for example, using dilute acid 
solution, said temperature is as a rule 50 - 90°C, preferably 
60 - 80°C. 

40 

The temperature at which the crude acrylic acid is removed in the 
side take-off is generally from 80 to 110°C. 



The temperature at which the dilute acid solution is recycled 
45 into the column is as a rule from 25 to 35°C. 
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Th e .edification column. ^J^T tlTJlZ^** 
fractional condensation. « *^ nvmber 100 5 3 086.9 or 
application having ^^for exa^le. at a presaure of ro. 

. zt to 9 i,:: E: sxsri- boo «. „«, 

preferably at atmospheric pressure. 

v. * the acrylic acid is dissolved in an 
I£ . on the other hand, the aery ion coluron , the 

absorbent before being fed to the^ ^ ^ c „ ried 
10 distillatxve isolation o 



out as follows: 



• • arr vlic acid in an amount of from 5 

" » principle, all ^^SJ^^^ 
activity are suitable « "=" £ inte rnals . in particular trays 
internals are all p""ings. Among the trays, bubble 

stacKed packings *^. P ^ m trays and/or dual-flow 

20 frays' orlny desfredTo^inatUs thereof are preferred. 

iE carried out in a tray column 
Preferably, the rectification is ca ^ 30 to 40 , 

^^'"th Stetai ^atlo/evaporators. the feed generally 
" Sing' located ^ the lower fourth of the column. 

Th e acrylic acid is uisehargedin Uguid ^^^T " 
in the upper half of the column^ Th rff gaseou3 £or m v ia 
30 (e.g. water, acetic add) are s P possible to recycle 

th e top of the col— and ■ ^ column . 

a part of the condensate as rerrux 

, Mrvlic acid is preferably 

Th e distillative isolat ion of t b.^^ & fcop pressure of 

35 effected under reduced P res ^ _ 2Q0 hPa< pre ferably 

not more than 500 hPa, ^£ * eoxx9mpaaa±ag manner, the 
10 _ 100 hPa, is employe^ In a cor ^ ^ ^ & ^ 

associated tem P eratUreS /^ftop of the column 30 - 80°C. 
10 0 - 230°C and those at the top ot 

» order to support the separation P™^- s^ ^ 
an oxygen-containmg gas, prefera 

_ . • limn 



rectification column. 



^ken off as a medium boiler fraction 
45 The crude acrylic acid taken - # under atmospheric 

substantially comprising th c«o ^ ^ ^ fcQ 16Q o c , 

pressure, have a boiling point of, 
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in particular in the range of +/- 10°C around that of the desired 
product acrylic acid, i.e. from about 131 to 151°C, is either 
directly esterified or is fed to a crystallization stage for 
further purification, so that column and crystallization stage 
5 together constitute the purification process, in this case the 
resulting mother liquor advantageously being recycled to the 
column as a reflux, preferably below the take-off of the medium 
boiler fraction. 

10 Such crude acrylic acid taken off as a medium boiler contains as 
a rule, in addition to acrylic acid, also 

from 0.1 to 2% by of lower carboxylic acids, for 

wei ^ ht example acetic acid 

15 from 0.5 to 5% by of water 

weight 

from 0.05 to 1% by of low molecular weight carbonyl 

weight compounds, e.g. furfural, 

formaldehyde, acrolein, 

20 acetaldehyde, propionaldehyde, 

acetone 

from 0.01 to 1% by of maleic acid and/or its anhydride 
weight 

from 1 to 500 ppm of stabilizer, 
25 by weight 

based in each case on the weight of the crude acrylic acid. 

The crystallization is carried out as a rule without addition of 
a solvent, in particular without addition of an organic solvent 
30 The crystallization method to be used is not subject to any 

restrictions. The crystallization can be carried out continuously 
or batchwise, m one or more stages, to virtually any desired 
purity. If required, water may be added to the crude acrylic acid 

35 to ?n* P H rifled . by CryStallization P^or to a crystallization (up 
to 10% by weight or more, preferably up to 5% by weight, based on 
the amount of acrylic acid present) . Such an addition facilitates 
the removal of lower carboxylic acid contained as a byproduct in 

ofjT de t: ryliC aCld ' aCStiC aCid ' SinCe ' in the P-sence 

of water, this is incorporated to a smaller extent into the 

40 acrylic acid crystals. In addition, the presence of water reduces 

the tendency to encrustation in the crystallizer . 

The pure acrylic acid thus obtained contains, as a rule 
substantially less of the impurities stated above for the crude 
45 acrylic acid, for example up to 2000 ppm by weight in total 
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<o stabilized by adding a stabilizer solution in a 
Zl^TsAl.lTT.L region of the top of the col— 

-i. a ^^Hnn of the stabilizer solution in 
""J' ^TAZ^ ^o lCZl^. The stream provided with 
5 said reflux or directly £eedin g of the stabilizer 

- the top of the column may also boilers- into 

- ST -^SS ll^r^tered, and of course 
also the top of the column itself. 

" The stabilizer solution can be added at one P^^*^ it 
plu rality of points^ the ^ "tabilLer solutlon fed 

r»7t thrS e °entToints P of the colu^ to be identical or 



20 different. 



stabilizers are understood as meaning those compounds which 

^rand/or inhibit the *° T >£?^»™ Stor" " 
methacrylic acid. These may be, for example, 

25 A ccordin g to the invention, the stabilization is effected using 
phenothiLine and at least one phenolic component. 

The phenolic component may be, for example, an alkylphenol, for 
30 example 2 -tert-butyl-4-methylphenol , 
r t-^-rt-butvl-2, 4-dimethylphenol, 

^^^—^-^^^^ 

for example hydroquinone , pyrocatechol or benzoquxnone, an 
35 SJSS. Para-aminophenol, a nitrosophenol e.g. 

para -nitrosophenol, »r a-t^^^^J^^ 
4-methoxyphenol or mono- or di tert preferably 
4-Methoxyphenol (hydroquinone monomethyl ether) prefe 

used. 

" FO r example, the following compounds may furthermore be used as 
phenolic components: 

m - or p-cresol (methylphenol) , 2 , 5-di-tert-butylhydroquinone , 
« 2~5 d"i-tert-amylhydroquinone, 2-tert-butylphenol , 4-tert-butyl- 
45 2,5-ai-cerc cuuy-i. * . -, _4_tert-butylphenol , 

i. -.n 9 a-rii-tert-butylphenol, 2-methyi. 4 ceit x 
phenol, 2,4-di terc du y j _ p henyleth-l ' -yl ) - 

4-tert-butyl-2,6-dimethylphenol, 2- or 4 <x P y 
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phenol , 2- ( 1 ' -methylcyclohex-1 ' -yl ) -4 , 6-dimethylphenol , 
2-tert-butyl-6-methylphenol , 2,4, 6-tris-tert-butylphenol , 
2 , 6-di-tert-butyl-p-cresol , 2 , 6-di-tert-butylphenol , 
2 , 4-di-tert-butylphenol , 4-tert-butylphenol , nonylphenol- 
5 [11066-49-2], octylphenol [140-66-9] , 2 , 6~dimethylphenol , 

bisphenol A, bisphenol F, bisphenol B, bisphenol S, bisphenol C, 
3,3', 5,5' -tetrabromobisphenol A, 3 , 5-di-tert-butyl-4-hydroxy- 
anisole, Koresin® from BASF AG, methyl 3 , 5-di-tert-butyl- 
4-hydroxybenzoate, 4-tert-butylpyrocatechol , 2-hydroxybenzyl 
10 alcohol, 2-methoxy-4-methylphenol, 2 , 3 , 6-trimethylphenol , 

2,4, 5-trimethylphenol , 2,4, 6-trimethylphenol , 2-isopropylphenol , 
4-isopropylphenol , 6-isopropyl-m-cresol , 4-tert-butylpyro- 
catechol, n-octadecyl P~ ( 3 , 5-di-tert-butyl-4-hydroxyphenyl ) - 
propionate, 1, 1, 3-tris (2-methyl-4-hydroxy-5-tert-butylphenyl) - 
15 butane, 1,3, 5-trimethyl-2 , 4 , 6-tris ( 3 , 5-di-tert-butyl-4-hydroxy- 
benzyl) benzene, 1, 3, 5-tris (3 , 5-di-tert-butyl-4-hydroxybenzyl ) 
isocyanurate, 1,3, 5-tris (3 , 5-di-tert-butyl-4-hydroxyphenyl ) 
propionyloxyethylisocyanurate, 1,3, 5-tris (2 , 6-dimethyl-3-hydroxy- 
4-tert-butylbenzyl) isocyanurate, pentaerythri tyl 
20 tetrakis [|3- (3 , 5-di-tert-butyl-4-hydroxyphenyl ) propionate] , 
2 , 6-di-tert-butyl-4-dimethylaminomethylphenol , 6-sec-butyl- 
2 , 4-dinitrophenol, Irganox® 245, 259, 565, 1141, 1192, 1222, 
1330, 1425 and MD1024 from Ciba Spezialitatenchemie, octadecyl 
3 "< 3 ' > 5 '-di-tert-butyl-4'-hydroxyphenyl) propionate, hexadecyl 
25 3- (3' , 5 '-di-tert-butyl-4'-hydroxyphenyl) propionate, octyl 
3- (3 ' , 5 '-di-tert-butyl-4 ' -hydroxyphenyl ) propionate, 
3-thia-l, 5-pentanediol bis[ (3' , 5 ' -di-tert-butyl-4 ' -hydroxy- 
phenyl ) propionate] , 4 , 8-dioxa-l , 11-undecanol bis [ (3' , 5 '-di-tert- 
butyl-4 ' -hydroxyphenyl ) propionate] , 1, 7-heptanediaminebis- 
30 [3- (3' , 5 '-di-tert-butyl-4 ' -hydroxyphenyl) propionamide] , 

3- (3 ' ,5'-di-tert-butyl-4'-hydroxyphenyl) propionic acid hydrazide, 
3 ~(3' , 5 '-dimethyl -4' -hydroxyphenyl) propionic acid hydrazide, 
bis(3-tert-bu tyl - 5 - e t hy 1 - 2 -hydr oxyphen- 1 -y 1 ) me thane , 
bis (3, 5-di-tert-butyl-4-hydroxyphen-l-yl) methane, 
35 bis [3- (1 ' -methylcyclohex-1 ' -yl ) -5 -methyl -2- hydr oxyphen -1-yl ] - 
methane, bis ( 3- tert -butyl -2 -hydroxy- 5 -met hylphen- 1-yl) me thane, 
1, 1-bis ( 5- tert-butyl-4-hydroxy-2-methylphen-l-yl) ethane, 
bis (5-tert-butyl-4-hydroxy-2-methylphen-l-yl) sulfide, 
bis (3-tert-butyl-2-hydroxy-5-methylphen-l-yl) sulfide, 
40 1, 1-bis (3 , 4-dimethyl-2-hydroxyphen-l-yl) -2-methylpropane, 
1, 1-bis (5-tert-butyl-3-methyl-2-hydroxyphen-l-yl) butane, 
1, 3, 5-tris [1'- (3 ' ' ,5' '-di-tert-butyl-4' ' -hydr oxyphen- 1 ' '-yl)- 
meth-1 ' -yl ] -2 , 4 , 6 - trime thy 1 benzene , 1,1, 4-tris ( 5 ' -tert-butyl- 
4 ' -hydr oxy-2' -me thylphen-1 ' -yl ) butane, 2-methoxyphenol (guajacol 
45 pyrocatechol monomethyl ether), 2-ethoxyphenol , 

2-isopropoxyphenol, 4-ethoxyphenol , 4-butoxyphenol , hydroquinone 
monobenzyl ether, p-phenoxyphenol , 4 , 4 ' -oxydiphenyl , 
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S.^thyienediccydiphenol sesa^cl ^ ^~^ ten2yl 
. 3 - h y d ro*y-4- m etho^benzy Lethoxybenzaldehyde 

f COh ll TtZ^t^XnZ^ (ethylvanillin, . 
vanillin), 4-hyaroxy j * n n ■ _ x i_ (4 -hydroxy- 

5 3-hydroxy-4-raethoxybenzaldehyde l"^ 1 ^^ ^ oeu ^ nol , 
3-methoxyphenyl)ethanone (acetovamllone) ^nol, O 

m yP * , crdi-tert-butylhydroquinone, 2 -methyl 

dihydroeugenol, 2 5 d tert ^ trim ethylhydroquinone, 

p-hydroguxnone, 2 3 " dl ^f ^ ^ roquinone< 3-methylpyro- 

10 r^^^^ «■ - p - - 5 

' aS e-tocopherol, tocol. a-tocopherolhydrosuinone. and 
2?3-dihydro-2 , 2-dimethyl-7-hydroxybenzof uran 
(2,2-dimethyl-7-hydroxycoumaran) . 

■ =r,H the Phenolic component can be metered in 
15 TZTT* ~e ^separately fro. one another, preferably 



as solutions . 



Th e M t of stabilizer is chosan so that the Pbenoth™ 

2 0 concentration in th. acrylic ^ntrTion of tha 

preferably 100 - SCO PP- by wersht and tha cone ^ ^ ^ 
phenolic component is 10 luuu. P^- 



weight . 



25 suitable solvents are both ^sET^ 

^sol^n =er^e^Inr„Uc acid or dilate acid 
30 solution. 

- 4- nor, of the solution in a suitable solvent is 
The concentration ot t *" a f phe nothiazine and 0.01 - 1% by 

0 1 - 1% by weight m the case qj- v 
weight in the case of the phenolic components. 

35 n ,11 v at least one metal salt may also be added as a 

Si- - cerise, for e^le a 

« coppet salt. P^ r ^ e — th o ar^te "copper 
copper acetate, copper drmetny balnata and/o r 

" JT^SS^rSi^-^ Pearly preferred. 

. -i t-o =r-<= nickel and chromium salts. 
Other suitable metal salts are nicKei 

« Suitable anions of the „et.l salts are acetates 
and salicylates and furthermore the sulfates 
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The metal salt can be dissolved in a suitable solvent from among 
those mentioned above and can be metered in together or 
separately in the region of the top of the column. 

5 The metal salt can be added at any desired point in the total 

column, for example below the acrylic acid take-off and/or at the 
top of the column. 

The metal salt is generally added in an amount of from 0 . 5 to 30, 
10 preferably from 1 to 20, particularly preferably from 1 to 10, % 
by weight, based on the added amount of phenothiazine. 

The metal salt is added in a suitable solvent from among those 
mentioned above, preferably in water, dilute acid solution, 
15 aqueous acrylic acid or acrylic acid. The concentration in the 

solution is as a rule from 0.01 to 0.5, preferably 0.05 to 0.1, % 
by weight. 

The novel process is carried out in the absence of N-oxyl 
20 compounds, i.e. those compounds which have at least one 

>N-0group, e.g. the N-oxyl compounds mentioned at the outset. 
This means that no N-oxyl compounds are detectable in the 
rectification column. 

25 In a preferred embodiment using one of said absorbents as a 
high-boiling liquid in the quench, cooled, acrylic 
acid-containing reaction gas mixture is subjected to an 
absorption process with the high-boiling liquid. This absorption 
process can be carried out both cocurrently and countercurrently , 

30 preferably countercurrently. 

The apparatuses known per se, as described, for example, in 
Ullmann's Encyclopedia of Industrial Chemistry (6 th Ed, 1999 
Electronic Release. Section: Absorption), for example columns 
35 having bubble trays, Thormann trays, valve trays or sieve trays 
or having stacked or dumped packings and/or beds, Venturi 
scrubbers or film scrubbers are suitable for such an absorption 
process, tray columns preferably being used. 

40 The absorption process is generally carried out at a top 

temperature of from 15 to 50°C and a bottom temperature of from 
120 to 180°C. 

Since uncondensable components are separated off via the top in 
45 the absorption process, they no longer enter the downstream 

rectification process so that they occur there only in a minor 
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amount, if at all. 

* rt« referred embodiment, the acrylic acid-containing, 

acrolein, acetone < ° ^ ^ content of lowe r 

partly separated off. A * * r ^*' desorption is no t more than 
aldehydes and acetone after the desorptio 
X0 toOOO pr.fer.biy not more than 5000. ppm by 

Por thi. Purpose, the acrylic acid-=ont,inin g solution is treated 

■ Sti=s=rsis.-r==a.'= , ==. — 

15 The g as need for this purpose may be a g as which is inert under 
the reaction conditions. 

r, o«n be carried out in the presence or absence of 
The desorpt.cn can be ^ ^ o£ oxygen , it l( 

20 ^Ihle to use an o*y g en-containin g g as in which the oxy g en rs, 
if reared, ollutea with an inert g .s. such as carbon droxrde 

25 of the oxygen-containing gas may be from 1 to 

IT. ™r~ro:Yto SO Y3 particularly preferably fro, 5 to 
50 and in particular from 10 to 30, * by volume. 
30 in a preferred embodiment, the o^en-containing g as used is air 

^^iX'rT:^, but the process is Preferably 

35 carried out in the P™^™"" e^le \ «- 
The apparatuses known per se, as descrioea, 

UlLann-s Encyclopedia of <^;^*£'J£L 
Electronic Release. Section: fcbsorptron, f « „ ays 
.„. „ bubble trays, Thormann trays, valve trays or si 
.a b"vino stacked oi dumped packing and/or beds, Venturr 

sc~s film scrubbers, strippina or flash apparatuses, are 
suitabtr for such a desorption process, tray columns, or 
strippin, or flash apparatuses preferably be lng used. 

T„ , further preferred embodiment, a dischar g e of the 
rectification process which contains hi g h-boilin g substances. 



45 in 
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e.g. the high boilers, is subjected to a cleavage reaction. 

For this purpose, the high boilers separated off in the 
rectification process are subjected to a thermal and/or catalytic 
5 cleavage, as described, for example, in US 4 317 92 6, DE-C2 2 40 
72 36 and US 3 086 046 and in WO 00/53560, the oligomeric acrylic 
acids being cleaved in a known manner to give acrylic acid. The 
cleavage products are advantageously recycled to the 
rectification process. 

10 

Oligomeric acrylic acids are Michael adducts of acrylic acid, 
possibly with acrylic acid polymers formed by multiple 
polymerization with themselves and not by free radical 
polymerization . 

15 

Polymers form by a substantially free radical polymerization with 
formation of carbon-carbon linkages. These products are as a rule 
not cleavable . 

20 The products cleaved in such a cleavage, for example according to 
WO 00/53560 and the literature cited therein, can be introduced 
into the novel process at any desired points, preferably into the 
rectification process, particularly preferably there together 
with the feed into the rectification column. 

25 

The stream fed to the cleavage stage can be subjected to a 
thermal treatment for cleavage of the oligomers present, if 
required with addition of acidic catalyst. For example, sulfuric 
acid, organic sulfonic acids, e.g. para-toluenesulf onic acid, 
30 methanesulf onic acid, trif luoromethanesulf onic acid, 

xylenesulf onic acid or dodecylbenzenesulf onic acid, acid ion 
exchangers or acidic metal oxides, are suitable as acidic 
catalysts for this purpose. 

35 The temperature in the cleavage is in general from 100 to 22 0°C, 
preferably from 120 to 2 00°C, particularly preferably from 14 0 to 
180°C, in particular from 150 to 180°C. 

The removal of the low boilers can be supported by passing 
40 through a gas stream which is substantially inert under the 
reaction conditions (stripping), e.g. nitrogen, steam or an 
oxygen-containing gas, e.g. air. 

The remaining residue can, for example, be partially discharged, 
45 distilled or subjected to cleavage again. 
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father preferred embodiment, a discharge of the 
. recti rafionTrocess which contains » 
particular one which contains one of said absorbents, 
sheeted to a distillation. This discharge is P^«*«* 
5 Preferably subjected to a distillation as described in the 
5 preferamy s . h the Ger man application number 

contemporary application witn cne ^ w ...... ac id" of 

100 64 642.5 and the title "Preparation of (meth) acrylic acid ol 
BASF AG with the same date of filing as the present application. 

10 For this purpose, the discharge is passed into a distillation 
la sand a low boiler stream which, in addition to acrylic 

acid and/or the absorbent present, may also contain further 
. compos for example diacrylic acid or stabilizer, is removed 

in gaseous form from said apparatus. 

" if necessary after condensation and if required further cooling, 
this low "oiler stream can be fed to the worKing-up process at 
any desired points, for example to the quench absorption or 
ratification process, preferably to the quench or absorption 

20 process, particularly preferably to the absorption process. 

Suitable distillation apparatuses are all distillation 

rectification columns in each case, and string columns. 

!t is also possible to apply a stripping stream, for example with 
nitrogen or an oxygen-containing gas, preferably wrth arr. 

" The distillation apparatus can be operated at from 80 to 350°C 
preferably from 100 to 280°C. particularly preferably from 120 to 
200*C in particular from 130 to 200°C, and. xndependently 
thereof, at from 5 to 2000. preferably from 5 to 1200, 

35 particularly preferably from 20 to 500. very partrcu arly 

preferably from 50 to 400. in particular from 50 to 300. hPa. 

The examples which follow illustrate the novel process. 

40 Example 1 n , - n 

The stabilizers shown in Table 1 were dissolved in 

rablliser-free acrylic acid 
45 Ttif polymerization occurred (induction period, was determ.ned. 
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S tabl 1 1 Z er 


Amount 


Induction period 




(ppm by 


[min] 




weight) 




MEHQ 


60 


43 


PTZ 


60 


204 


HT 


60 


195 


MEHQ/HT 


30/30 


200 


PTZ/HT 


30/30 


165 


PTZ /MEHQ 


30/30 


125 


PTZ /MEHQ/HT 


20/20/20 


255 
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MEHQ: 

PTZ: 

HT: 



hydroquinone monomethyl ether 
phenothiaz ine 

4-hydroxy-2 ,2,6, 6-tetramethylpiperidin-N-oxyl 



Example 2 

An acrylic acid-containing reaction mixture was produced by 
catalytic gas-phase oxidation of propene or acrolein according to 
20 DE-A 43 02 991. 2.2 m3 (S.T.P.)/h of this reaction mixture were 
cooled to 170°C in a gas cooler (quench) by spraying in a coolant 
mixture which was taken from the bottom of the rectification 
column (see below) and comprised 58.8% by weight of diphenyl 
ether, 21.2% by weight of biphenyl and 20% by weight of dimethyl 
25 o-phthalate. These reaction gases cooled to 170°C were passed into 
a bubble tray column having 27 trays, below the first tray, and 
were exposed to 3 1/h of the countercurrent absorbent likewise 
composed of 58.8% by weight of diphenyl ether, 21.2% by weight of 
biphenyl and 20% by weight of dimethyl o-phthalate and added at 
the top of the column at a temperature of 45°C. The discharge of 
the absorption column was heated indirectly to 105°C in a heat 
exchanger and added at the top of a desorption column which was 
in the form of a bubble tray column having 2 0 trays. In the 
desorption column, components with a low boiling point compared 
35 with acrylic acid, e.g. acetic acid and aldehydes, were 

substantially removed from the mixture by stripping with nitrogen 
(400 1/h, countercurrent), and the remaining content comprised 
0.2% by weight of acetic acid and 0.15% by weight of aldehydes. 
The discharge of the desorption column contained 15.4% by weight 
40 of acrylic acid. 



30 



This was passed, at 25°C and in an amount of 3 1/h, between the 
fifth and sixth trays (counted from the evaporator) into a 
rectification column which comprised 2 0 bubble trays and through 
45 which air flowed. 
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5 between the * £ aischarg ed acrylic acid being 

evaporator). 970 ml/h ° he side take -of f . The top 

recycled to the c*-Ji ^£nsed <600 ml/h> , mixed with 100 
product in vapor form was conaense hyd roquinone 
m l/h o £ a solution of P -t - ™ ^ ^cept Tor 60 ml/h. 
" ™=ySedTo r the rectification column, above the uppermost 
column tray. 

" • The top product discharged (60 ml/h) was added again to the 
15 discharge, of the absorption column. 

A P art of the etahiliter-containin, hottom produe, : of ^column 

Tsor-l; the - dLr^rti:: — « 

20 discharged. 

... „ -rectification column was at 

The duration of operation of the recti ic CO ated 
least 700 hours. The evaporator was only slightly coated. 

25 Example 3 (comparison) stabilization was effected 

'^distillation had to he stopped after 
evaporator was thickly coated. 

Example 4 (comparison) stabilization was effected 

SS^^THS^^S^Ul in acrylic acid. 

section and the formation of a blacK coating 

section of the column. The evaporator was thickly coated. 
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Example 5 (comparison) 

The procedure was as in Example 2. The stabilization was effected 
using 100 ml/h of a solution of 6 g/1 of phenothiazine and 1 g/1 
of 4-hydroxy-2,2, 6, 6-tetramethylpiperidin-N-oxyl in acrylic acid. 
5 The distillation had to be stopped after an operating time of 
about 450 hours owing to polymer formation in the rectifying 
section and the formation of a black coating in the stripping 
section of the column. The evaporator was thickly coated. 

10 Example 6 

The procedure was as in Example 2. The stabilization was effected 
using 100 ml/h of a solution of 5 g/1 of phenothiazine, 2 g/1 of 
hydroquinone monomethyl ether and 0.1 g/1 of manganese diacetate ' 
(2%, based on phenothiazine) in acrylic acid. 

15 

After an operating time of about 700 hours, neither column nor 
evaporator showed any signs of polymer formation. 

Example 7 

20 The procedure was as in Example 2, except that 2000 ppm of 
acetone were added to the feed of the rectification column. 
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After an operating time of about 700 hours, neither column nor 
evaporator showed any signs of polymer formation. 

This example shows that, with stabilization according to the 
invention, the content of acetone and aldehydes has no effect on 
the polymer formation. 
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We claim: 
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4. 

25 



A process for the preparation of acrylic acid ^ 

^ZlTlc^ZnZ^ product gas mixture being cooled and 
subsequently being subjected either to a fractional 
condensation or to a rectification process, wherein 
phenothiazine and at least one phenolic compound are 
introduced at the top or in the region of the top 
rectification or condensation column(s). 

A process as claimed in claim 1. wherein at least one metal 
salt is introduced in addition to phenothianne and at least 
one phenolic compound. 

Br^cfn;^ 



5 . 

30 quench and/ or absorbent 

fi A process as claimed in claim 5, wherein the mixture 

6. A process « weight of an 
additionally contains from 0 . 1 to 25% Joy we g 

orthophthalic ester. 

35 . . . ^-f i-v><= nreceding claims, wherein 

n a nrocess as claimed m any of the preceainy 

7. A process t one member of the 

fi tert-butyl-2,4-dimethylphenol and 

2 "di-tertWhydroguinone, 2-tert-butylphenol , 

altert-butylphenol. 2 ^^.^phenol . 

4-tert-butyl-2,6-dimehylphenol, 2 cere o y 

45 4-ethoxyphenol or 4-butoxyphenol . 
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8. A process as claimed in any of the preceding claims, wherein 
the phenolic compound used is hydroquinone monomethyl ether. * 

9. A process as claimed in any of the preceding claims, wherein 
5 the amount of stabilizer is chosen so that the phenothiazine 

concentration in the acrylic acid isolated is 50 - 1000 ppm 
by weight and the concentration of the phenolic component is 
10 - 1000 ppm by weight. 

10 10. A process as claimed in any of claims 2 to 9, wherein the 
metal salt used is at least one manganese, cerium, nickel, 
chromium or copper compound. 

A process as claimed in any of claims 2 to 10, wherein the 
metal salt used is at least one compound from the group 
consisting of manganese acetate, cerium acetate, copper 
acetate, copper dimethyldithiocarbamate , copper 
diethyldithiocarbamate, copper dibutyldithiocarbamate and 
copper salicylate. 

A process as claimed in any of claims 2 to 11, wherein the 
metal salt used is manganese acetate. 

A process as claimed in any of the preceding claims, which is 
carried out in the absence of an N-oxyl compound. 
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Preparation of acrylic acid 
Abstract 

5 narB H bv heterogeneously catalyzed gas-phase 

10 fractional condensation or to a recti phenol i c compound 

. rectification or condensation column(s). 



15 



20 



25 



30 



35 



40 



45 



THIS PAGE BLANK (uspto) 



